Introduction
Molten LaCl3-KCl is interesting because octa hedral LaClg-is reported to exist in the KCl-rich melt [1] [2] [3] . The density of molten LaCl3-KCl has been measured by Smirnov and Stepanov [4] and by Cho and Kuroda [5] . The molar volume isotherms show positive deviation from additivity. According to [4] the m axim um deviation occurs at ca. 70 mol% LaCl3. while according to [5] it occurs at ca. 18 mol% L aC l3. O ur own measurements on molten LaCl3-NaCl yielded a m axim um at ca. 30 mol% LaCl3 [6 ] . The surface tension of pure LaCl3 [7] and a few binary melts containing LaCl3 [4. 8 ] has been measured by Smirnov and Stepanov. O ur own measurements on the surface tensions of molten L aC l3 [9] differ considerably as to the tem perature dependence.
In this study the molar volume and surface tension of molten LaCl3-KCl mixtures were measured and compared with the reported data [4, 5. 7] , The excess molar volume and surface energy of mixing per unit area were calculated.
Experimental

Chemicals
L aC l3 was synthesized by heating a mixture of La20 3 and N H 4 C1. The product was purified by R eprint requests to Prof. J. M ochinaga. D ep artm en t o f Synthetic C hem istry, Faculty o f Engineering, C h ib a U niversity, C hiba-shi. C hiba 260, Japan. sublimation under reduced pressure. Impurities in the L aC l3 crystal were similar to those reported previously [6 ] , Analytical reagent grade KC1 was dried by heating at a tem perature 50 °C below the melting point under vacuum of 1 0 _:!Torr for 8 hours. Then the salt was melted and solidified. Chosen amounts of L aC l3 and KC1 were weighed in a glove box filled with dry argon. The composition of the molten mixtures was checked by chelate titration.
M easurem ents
The m olar volume of the molten mixtures was measured dilatometrically as described in [6 ] . For the measurement of the surface tension the maxi m um bubble pressure method was applied because of its precision at high temperatures. The experi mental arrangement is shown in Figure 1 pressure of the working gas bubble. The tem per ature of the furnace was maintained within ± 1 °C with a controlling device, and the tem perature of the sample was m easured with a C.A. thermocouple sheathed with a fused silica tube. A fused silica crucible containing the sample was set in the furnace and then the atm osphere in the furnace was ex changed with the working gas. The tem perature of the furnace was raised above the liquid tem perature of the sample (according to the phase diagram [1 0 ]) and kept constant. The capillary was lowered gradually with the microm eter screw while a little working gas was blown from its tip. W hen the capillary tip got contact with the surface of the melt, a sudden shift o f the meniscus in the m anom eter was observed. T he capillary was then inserted to the prescribed depth in the melt by means of the m icrometer screw. The meniscus of the m anom eter liquid was read to 1 0 pm with a cathetometer.
The inner diam eter of the capillary tips was deter mined by a measurement of the surface tension of dis tilled water at room tem perature, and its diam eter at the elevated tem peratures was corrected by use of the coefficient of thermal expansion, /t, for the alloy 
The surface tension, y, o f the melt is calculated
where 2r is the inside diam eter of the capillary, g the acceleration by gravity, h the height of m anom eter column, c/, the density of di-n-butyle phthalate. which was measured pycnometrically, d2 the density of the melt, i the depth o f immersion into the melt of the capillary. Prior to the m easurem ent o f the molten sample, the surface tension of molten K N 0 3 was measured to know the effect of the immersion depth of the capillary tip on the surface tension. The same surface tension within experimental error was obtained at each im mersion depth.
R esults and D iscu ssio n
Molar Volume
The obtained m olar volumes are shown in Figure 2 . For molten KC1 they agree well with the recomended density data [12] , and for molten LaCl3 they are identical to those reported previously [6 ] 
where T is the tem perature in K, X the mole fraction of LaCl3 and the coefficients are least squares fitted to the experimental data. The solid lines in Fig. 2 are obtained from (3). The average percent depature is 0.32%, which is slightly larger than that obtained for other molten binary mixtures containing LaCl3 [6 ] , Figure 3 show's the m olar volume (A) and excess m olar volume (B) isotherms at 900 °C. The maxi m um of the excess m olar volume at ca. 30 mol% L aC l3 nearly coincides with that found for the molten LaCl3-NaCl mixtures [6 ] , as shown in Figure 3 (B). Its position does not agree with the results of Smirnov and Stepanov [4] and Cho and Kuroda [5] . as m entioned in the Introduction.
Papatheodorou and 0stvold [3] have determined the partial enthalpy and partial G ibbs energy of mixing of molten LaC l3-KCl mixtures and have indicated tendencies for complex formation in the KCl-rich melt from these therm odynam ic data. Furthermore, the existence of the complex LaClgin the KCl-rich melt has been concluded from R am an spectroscopy by Maroni et al. [1] and Papatheodorou [2] . Due to the strong repulsive interaction of these complexes a m axim um of the excess molar volume at 25 mol% L a C l3 would be plausible, which agrees well with our results. Figure 4 shows the surface tension of the mixtures vs. temperature and the least squares fitted linear temperature dependences calculated with the coeffi cients given in Table 1 . In Fig. 5 our results on molten KC1 are compared with data in the literature [13] [14] [15] [16] . The coincidence is good with the excep tion of the data of Moser et al. [13] . T he m agnitude of the surface tension of molten L aC l3 is similar to that of molten NaCl [17] . and its tem perature dependence is similar to that of molten C aC l2 [14] , The surface tension of molten L aC l3 given by Smirnov et al. [7] is 7 (dyn/cm) = 272.2 -0.132 77K .
Surface Tension
The temperature coefficient of this equation is about twice that reported for alkali and alkaline earth metal chlorides [17, 18] , Also no such large tem perature dependences have been found for other rare earth chlorides [9] .
As seen in Fig. 4 . the addition of L aC l3 to pure KC1 changes rem arkably the tem perature depen dence of the surface tension while the change on further addition of L aC l3 is not appreciable. This behaviour corresponds to the m inim um at ca. 30 mol% LaC l3 in the 850 °C isotherm of Figure 6 . The tendency to form m inim um was also observed in the isotherms of molten PrCl3-KCl mixtures [19] , In the surface tension measurements on molten LaCl3-KCl mixtures by Smirnov and Stepanov [4] the m inim um was not observed. G rjotheim et al. [14] have derived a semiempirical eqation for the surface tension of molten salt mixtures as follows e x p (-y a /k T ) = y/, e x p ( -a/kT)
where (//, and '/, are the volume fraction and the surface tension of the /-th component, respectively, and a is the mean area per molecule in the surface layer, i//, and a can be given by the equations
in which V, and X t are the partial molar volume and mole fraction of the /-th component, Vm is the molar volume of the melt and N is A vogadro's number. The surface tension at 900 °C was calculated by using (4) and (5) and com pared with the observed values in Figure 7 (A). Here the partial molar volumes were given by the method of intercepts. It is known that, if complex or complex-like ions are formed in a mixed melt, the observed surface tension deviates largely from that calculated by (4) [16] . As seen in Fig. 7(B) , the difference between these values indicates a large m axim um at ca. 30 mol% L aC l3. The surface energy o f mixing per unit area is written as follows:
A E s/a = E s/ a -(X (E s/a), + (1 -X )(E s/a)2)
where E % / a is the surface energy of the mixture.
(E s/a)j (i = 1 , 2 ) the surface energy of constituent pure melts, and X the mole fraction. Also
E s/a = 7 -T (d y/d T ) . (7)
It is known that in general the surface energy of mixing for ideal molten binary mixtures such as N a N 0 3 -N a N 0 2 and N a N 0 3 -K N 0 3 becomes near zero, but that in case of complex forming mixtures A E s/a < 0 [16] . The result calculated from
